Abstract-H 3 PO 4 doped proton exchange membranes based on benzimidazole 2 yl substituted polybenz imidazoles have been obtained and studied. Attempts have been made to stabilize the mechanical properties of doped membranes by crosslinking of the initial polymers. The treatment with sulfuric acid is selected as the most efficient crosslinking method. Target characteristics (proton conductivity and performance in the fuel cell) of a membrane based on crosslinked benzimidazole 2 yl substituted polybenzimidazole have been investigated. The proton conductivity of the membrane is estimated as 5.2 × 10 -2 S/cm at 160°C. The current density in a hydrogen-air fuel cell based on the developed membrane is found to be 0.21 A/cm 2 at 160°C, 0.6 V, with a total platinum content on electrodes of 1 mg/cm 2 .
In recent years, the development of proton exchange polymer membranes applicable for the pro duction of fuel cells with performance temperatures of 150-200°C has become an urgent problem [1] . According to [1] [2] [3] , H 3 PO 4 doped poly[2,2' (m phe nylene) 5,5' dibenzimidazole] is most widely used as a material for medium temperature membranes.
A condition essential for imparting doped mem branes with good service characteristics and long life time is a high content and strong retention of acid by polymers. In improving the performance of mem branes, some research groups studied various polyben zimidazoles (PBIs), including PBIs containing pyri dine cycles, and other nitrogen containing aromatic condensation polymers with basic groups, such as polyquinolines, polyquinoxalines, polyoxadiazoles, and polytriazoles [1] .
PBIs containing main chain benzimidazole 2 yl substituents [4] [5] [6] [7] may be of interest as materials for doped membranes. The presence of side benzimida zole 2 yl substituents, which are sites of H 3 PO 4 sorp tion, may increase the amount of acid sorbed by a polymer and the strength of acid retention in the poly mer matrix.
RESULTS AND DISCUSSION
The objects of research were three benzimidazole 2 yl substituted poly(benzimidazoles) (BPBIs) of the general formula Here R and R' are -(BPBI 1); R is -O-and R' is -(BPBI 2); and R is -and R´ is -O-(BPBI 3).
Films cast from BPBI solutions in DMAA contain ing small amount of LiCl (3 wt % of a polymer) were strong and elastic; the films were doped with phospho ric acid by exposing them in an aqueous H 3 PO 4 solu tion for 72 h.
As was reported in [8] , the amount of acid absorbed by a polymer and the proton conductivity of a doped membrane increase with the dopant concentration. Hence, the membranes should be doped with phos phoric acid at the maximum possible concentration provided that the polymer does not dissolve and/or its mechanical strength substantially worsens.
The study of the behavior of BPBIs synthesized under doping showed that they dissolve in H 3 PO 4 solu tions with concentrations above 60%. When water was removed from the membranes in vacuum or by heating to 160°C, the acid was concentrated in the polymers and films based on BPBI 2 and BPBI 3 were trans formed into viscous flow gels, which were inapplica Doping of the polymer film markedly enlarged its geometric sizes. For example, the longitudinal and transverse swelling coefficients were 1.32 and 1.81, respectively. On the contrary, the evaporation of mois ture from the doped polymer upon heating resulted in membrane contraction. The longitudinal and trans verse contraction coefficients of the BPBI 1 mem brane dried at 160°C for 5 min were 1.12 and 1.10, respectively. An intense contraction of the membrane material may cause the development of internal stresses in the membrane at the onset of its operation in a membrane electrode assembly (MEA); therefore, the longitudinal contraction of a membrane upon dry ing should preferably be lower than 10%.
The onset and half decay temperatures of doped BPBI 1 are 496 and 651°C, respectively (Fig. 1) . A high mass loss (~30%) of the doped polymer prior to the onset of its degradation is explained by evaporation of unbound water from the membrane and dehydra tion of phosphoric acid related to the onset of its tran sition to pyrophosphoric acid and then to polymeric forms [9] , as was observed for other doped PBIs [10] .
The heat resistance of BPBI 1 after doping notice ably diminishes because of the plasticizing effects of phosphoric acid and water associated with it. For example, the doped BPBI 1 film softened at 91°C under a load of 2.5 kg/cm 2 (Fig. 2) .
A promising method for increasing heat resistance of PBI based doped membranes is their crosslinking, which gives rise to the formation of a three dimen sional structure. Several procedures have been described for crosslinking PBI [11] [12] [13] [14] [15] , among which the thermal crosslinking under heating above 300°C is the simplest [11] [12] [13] . However, such a thermal treat ment of PBI films causes them to lose elasticity and to crack upon careless manipulations.
Another method (crosslinking with sulfuric acid) is applied in industry to enhance the heat resistance of PBI fibers [14] . Spatially crosslinked PBIs may also be obtained via reactions between polymers and crosslinking agents, among which formaldehyde is the simplest [15] .
Here, we attempted to prepare crosslinked films based on BPBI 1. We investigated the feasibility of BPBI 1 crosslinking by impregnating polymer films with formalin in the presence of H 3 PO 4 (2.5%) at 25°C or incorporating crosslinking agents (formalde hyde or urotropine) into the polymer at the stage of film preparation followed by heating of the films at 220°C for 1 h. However, TMA tests indicated no increase in the heat resistance of the films treated in this way.
We managed to prepare crosslinked BPBI 1 by impregnating a polymer film with formalin in the pres ence of H 3 PO 4 (2.5%) at 100°C for 3 h followed by 
